mechanisms of action. Plants represent an important source of novel antimicrobial compounds. Plants are always exposed to diverse groups of microorganisms in their environment enabling them to produce a wide spectrum of compounds with antimicrobial activity. [3] Ocimum suave Willd. is a herb that belong to Lamiaceae family and Ocimum genus. This plant is a native of mainly Africa and India. [4] It is commonly known by common names such as African basil, clove basil, and wild basil. [5] The plant has an erect, round-quadrangular and much-branched stem, which can be smooth or hairy and woody at the base and can grow to a height of around 1-3 m in height. The leaves are green in color, narrow and oval in shape growing 5-13 cm in length, 3-9 cm in width and arranged opposite. The flower is pale yellow in color with stalk that is acuminate, sessile egg-shaped spreading or ascending and slightly curved. The flowers give out a sweet scent of camphor. [5] Plectranthus barbatus is a perennial branched aromatic herb, that also belongs to Lamiaceae family and genus Plectranthus that contains >300 species distributed mostly in tropical Africa, Asia, Australia, and Brazil. [6] It is an herbaceous plant with stems that grow up to 1-2 feet with inflorescence and flowers that are typical of the family. Its roots are fasciculate, thick, succulent, and contain the unique chemical known as forskolin. The wide range of pharmacological properties and ethnomedicinal uses of P. barbatus are attributed to the presence of forskolin whose adenylyl cyclase activation properties are documented. [7] Zanthoxylum chalybeum is a deciduous spiny shrub or tree that may stand at 1.5-10 m tall that is widely distributed in the East and Central Africa. [8] The three plants have a wide usage, especially in traditional medicinal practices of many local communities in East Africa. O. suave locally known as Murihani in Msambweni is a plant of great ethnomedicinal importance. It is conventionally used by the Msambweni community to treat malaria. [9] An infusion of leaves of the plant is used as a disinfectant and insecticide. [10] In Tanzania, a mixture of O. suave and Zingiber officinale Roscoe (Zingiberaceae) is used in the treatment of oral candidiasis.
[11] The dried leaves of the plant are snuffed to alleviate headaches and fever among other uses. [12] The essential oils of O. suave have been found to be active against some bacterial and fungal strains, especially those belonging to genuses Listeria, Shigella, Salmonella, Proteus, Trichophyton, Cryptococcus, Penicillium, and Candida. [13] P. barbatus which is locally known as Mraga dare in Msambweni is widely used by various local communities of Africa in the treatment of various ailments such as malaria. [9] HIV/AIDS and related conditions [14] Stomachache, [15] wounds, and ringworms. [16] Z. chalybeum locally known as Mjafari by the local communities of South Coast Kenya is a plant of great medicinal importance where its root extracts are used for the treatment of malaria. [9] The plant is also used in the wider East Africa for treatment of snake bite, kwashiorkor, chest pain, stomach pains, fever, and sore throat. [17] In the present study, aqueous plant extracts 
mEthods

Plant collection and identification
The plant materials were collected from Shimoni area within Msambweni Sub-county, Kwale County, Kenya in June 2018 with the guidance of an identified traditional health practitioner. Before collection of the plant materials, consent was sought and obtained from the local community representative. The plant parts collected were leaves from O. suave and root bark from both P. barbatus and Z. chalybeum. In addition, voucher specimens were collected and pressed for taxonomic identification and authentication of the study plants and deposition at the University of Nairobi herbarium. Identification and authentication of the collected voucher specimens were performed by a plant taxonomist at the School of Biological Sciences, University of Nairobi and voucher specimens MNK 01/2014, MNK 02/2014, and MNK 03/2014 for Z. chalybeum, O. suave, and P. barbatus, respectively, deposited at the University's herbarium. This was done in accordance with the international code of botanical nomenclature. The study was approved by the Faculty of Veterinary Medicine (FVM), University of Nairobi ethics committee
Preparation of crude extracts
The plant parts were dried at room temperature under shade for 1 month chopped into small pieces (≈1 centimeter) and pulverized using a laboratory mill. An aqueous hot infusion of each plant part was prepared as follows: 50 g of the ground plant material was dissolved and properly stirred in 500 ml of distilled water and heated at 60°C in a water bath for 1 h. The extracts were then filtered using a muslin cloth (gauze), and the filtrate kept in a deep freezer until frozen in preparation for lyophilization. The filtrate was lyophilized into dry powder using a freeze drier. The dry extracts were stored in stoppered sample vials at 4°C until the time when they were required for antimicrobial bioassay.
Source and maintenance of test bacteria
The test bacteria used were: MRSA ATCC 1385 which was obtained from the Centre for Microbiology Research, Kenya Medical Research Institute, E. coli ATCC 25922, S. aureus ATCC 25923, and B. cereus ATCC11778 which were obtained from the Department of Public Health, Pharmacology and Toxicology, University of Nairobi. The test microorganisms were maintained at −20°C on nutrient agar (Oxoid ® ), and their identity confirmed based on cultural, morphological, and biochemical characteristics.
Retrieval of test pathogens and inocula preparation
Stock culture of each of the test bacterial strains stored at −20°C was retrieved by sub-culturing on Mueller-Hinton agar plates (MHA) (Himedia ® ). For each bacterial strain, three pure colonies of the same morphological type were selected from plates and aseptically transferred into test tubes containing 10 ml of Mueller-Hinton broth (MHB) (Himedia ® ) using a sterile loop. The culture tubes were then incubated at 37°C for 24 h to obtain fresh cultures. Bacterial suspensions were standardized with sterile saline to turbidity equivalent to 0.5 McFarland (prepared by mixing 0.05 ml of 1% barium chloride dehydrate with 9.95 ml of 1% sulfuric acid). Exactly, 0.5 McFarland standard is approximately 1 × 10 8 colony forming units/ml for bacteria.
Agar well diffusion assay
Agar well diffusion method as previously described, [18] was used to assess the antimicrobial activity of the plant extracts against the test pathogens. Twenty milliliters of molten MHA was poured into sterile Petri dishes (9 cm in diameter) and allowed to set. Fifty microliters of standardized inoculum were swabbed uniformly to solidified MHA plates using sterile cotton swabs and allowed to dry for 5 min. Holes with a diameter of 6 mm were punched aseptically with a cork borer on freshly seeded plates. Aliquots of 25 μl of plant extracts dissolved in distilled water at a concentration of 500 mg/ml were dispensed into respective wells using a micropipette. Streptomycin at a concentration of 30 mg/ml was used as a positive control. Streptomycin is a broad-spectrum aminoglycoside antibiotic which is active against a wide range of both Gram-positive and Gram-negative bacteria. Distilled water was used as a negative control. The plates were labeled and incubated upside down at 37°C for 24 h. Antimicrobial activity was detected by measuring zones of inhibition using a transparent ruler at the end of the incubation period. An extract was considered to be active against a microorganism if it produced a mean inhibition zone of ≥8 mm. All the tests were run in triplicate in a biological safety cabinet and in accordance with the protocols of the Clinical and Laboratory Standards Institute formerly National Committee for Clinical Laboratory Standards.
Data analysis
Data were analyzed using Microsoft Excel ® 2010. The inhibitory effects of the plant extracts against the test pathogens were expressed as mean ± standard error of the mean inhibition zones diameter (mm).
rEsults
The current study investigated the in vitro antimicrobial activity of three selected medicinal plants conventionally used against bacterial infections by the Msambweni community of Kenyan South Coast [ Figure 1 ].
Antimicrobial investigations conducted revealed that among the three plant extracts studied, only two showed significant activity against at least one of four test bacteria (MRSA), E. coli, S. aureus and B. cereus). P. barbatus root extract at a concentration of 500 mg/ml exhibited antimicrobial activity against S. aureus, MRSA and B. cereus, whereas the root extracts from Z. chalybeum were active against B. cereus and MRSA [ Figure 2 ].
The results revealed that there were variations in the antibacterial activity of the three plant extracts among the bacterial strains. Leaf extracts of O. suave were not active against any of the four test bacteria. One of the most significant findings in this study was that none of the three tested plant extracts was able to inhibit the growth of E. coli at the studied concentration of 500 mg/ml. Streptomycin which was used a positive control at a concentration of 30 mg/ml revealed strong antibacterial activity against the test bacteria with the highest activity observed in S. aureus and E. coli with mean inhibition zones of 39.67 mm and 36.67 mm, respectively. Streptomycin had the highest activity against all the test bacterial strains in comparison to all the studied plant extracts.
dIscussIon
The current study was designed to evaluate the in vitro antimicrobial activity of three ethnopharmacologically important medicinal plants in South Coast Kenya. The test plant parts have been used since time immemorial against microbial infections. We believed that the local communities had good knowledge on the medicinal utilization of natural products of plant biodiversity which inhabit their locality. The study is timely and of key significance since microorganisms resistant to the conventional antimicrobials has developed, and hence, search and development of new drugs with novel mechanisms of action are urgent. Medicinal plants have continued to serve as a major source of molecules with activity against many illnesses. With the ever increasing incidences of drug-resistance to the commonly available antimicrobials, plant and plant products are being investigated as potential sources for the discovery of new antimicrobial agents for the management of common bacterial infections. Lamiaceae (the mint family) and Rutaceae are some of the most important medicinal plants families whose members are widely used in various traditional medicinal practices to treat a wide range of ailments. [19] The current study evaluated the antibacterial activity of aqueous crude extracts from the leaves of Ocimum suave (Lamiaceae), the root barks of P. barbatus Andrews (Lamiaceae) and Z. chalybeum Engl. (Rutaceae) against three clinically important Gram-positive and one Gram-negative bacterial strains.
Out of the three plant extracts, P. barbatus was active against three of the four test bacteria while Z. chalybeum exhibited antibacterial activity in two test bacterial strains. Crude aqueous and organic extracts from different parts of P. barbatus have been reported to have antibacterial activity against a wide range of bacteria such as B. cereus, E. coli, S. aureus, S. epidermidis, and S. pneumonia. [20] These observations are in agreement with our findings. Earlier reports have indicated that organic and aqueous extracts from Z. chalybeum have antimicrobial activity against some bacterial and fungal pathogens such as Candida albicans, Pseudomonas aeruginosa, B. cereus, and S. aureus. [21] In the current study, none of the extracts showed antimicrobial activity against E. coli. These findings are in agreement with earlier studies [21] that reported in-activity of both aqueous and organic extracts of Z. chalybeum against E. coli. The observed low susceptibility of E. coli to the plant extract could be because E. coli is a Gram-negative bacterium. It has been reported in the literature that Gram-negative bacteria are more resistant to the plant-based extracts including essential oils in comparison to Gram-positive bacteria. [22] The difference in susceptibility of the two groups of bacteria to plant extracts and indeed to other antibacterial agents is as a result of the fundamental differences in the structural composition of the cell wall of the two groups of bacteria. Gram-negative bacteria have an outer lipopolysaccharide layer that restricts the penetration of antimicrobial agents hence offering greater protection of Gram-negative bacteria against many antimicrobials.
[ 23] Organic and aqueous leaf extract of O. suave have been found to have numerous biological activities such as anti-ulcer and antioxidant action, [24] antipyretic properties, [25] and antibacterial activity. [26] The failure of the aqueous leave extract of O. suave to inhibit any of the test bacteria in the current study despite the use of the plant in ethnomedicine among the people of Msambweni could be attributed to a number of factors. First, traditional practitioners rarely practice monotherapies, and it is possible that O. suave when used in combination with other plants can elicit antimicrobial effect through synergism. Furthermore, it could be possible that large doses of ethno-formulations are used during preparations of concoctions/decoctions. There is also a possibility that aqueous extraction was unable to extract any active principle from the studied plant.
Members of Lamiaceae and Rutaceae families are known to have a wide spectrum of biological activities in addition to a diverse ethnobotanical usage in many countries, especially in traditional medicinal practices. [27] Although phytochemical screening of secondary metabolites from the plant extracts was not carried out in this study, previous studies have shown organic and aqueous extracts of P. barbatus and Z. chalybeum to be rich in terpenoids, triterpenes, phenolics, tannins, flavonoids, saponins, sterols, alkaloids, and coumarins. [21] Many of these compounds have been found to have a wide range of biological activities such as antibacterial, [27] antifungal, [28] antiprotozoal, [29] larvicidal, [30] and antioxidant activities. [31] The observed antibacterial activity of the two plant extracts in this study could, therefore, be attributed to the presence of one or more of the aforementioned compounds either working alone or in synergism.
conclusIon
Increasing cases of antimicrobial resistance to currently available drugs have elicited interest among researchers in natural products of plant biodiversity and other natural products as a source of new drugs. The search for new plant-based drugs has been greatly enhanced by exploitation of the richness of ethnobotanical and ethnopharmacological survey data from various local communities around the world. The current study revealed that root extracts of P. barbatus inhibited the growth of S. aureus, B. cereus, and MRSA while extracts of Z. chalybeum were active against the latter two microbes. This study thus provides the scientific basis for the continued use of these plants in traditional medicinal practices by the local communities. Further studies, especially on the chemical structure, determination of active compounds, mechanism of action, in vivo activity and toxicity tests are recommended to position these plants as future sources of affordable, safe, and effective antibacterial agents.
